The purpose of this study was to explore how perceived threat of type 2 diabetes (T2D) is shaped by risk factor knowledge and promotes the engagement of protective health behaviors among rural adults.
perceived susceptibility and severity. Higher BMI was associated with receiving a blood glucose screening.
Conclusion
Health education specialists and researchers should further explore the implications of using audience segmented fear appeal messages to promote T2D control through protective health behaviors.
T ype 2 diabetes (T2D) is a preventable chronic disease and leading cause of death worldwide. 1 In 2012, 29.1 million US adults were diagnosed with T2D, and this number is expected to grow, as 1.4 million adults are diagnosed annually. 2 Nearly 10% of rural residents are diagnosed with T2D and related complications, compared to 8.4% of their urban counterparts. 3 The increasing trend in T2D diagnoses is associated with a variety of behavioral factors that increase the risk of obesity, 4-9 a condition closely linked to T2D. 10 Corresponding with the rising prevalence of T2D among rural adults are high rates of obesity and physical inactivity. 11, 12 High rates of T2D in rural geographic locations also are attributed to insufficient infrastructure, such as availability of protective health screenings. 13 Rural adults identify T2D as a significant public health concern but believe that its prevention is a personal responsibility. 14 Misperceptions and low knowledge about T2D can negatively influence the engagement in protective health behaviors, putting individuals at a higher actual risk. 15 Empirical attention is needed to advance the understanding of how these intrapersonal factors contribute to T2D control in rural populations.
Perceived threat is a determinant of the engagement in protective health behaviors, such as receiving protective health screenings for T2D. 16 Perceived threat is a construct of the health belief model (HBM), an intrapersonal behavior change theory designed to explain how beliefs predict engagement in health-protective health behaviors and screenings. 17 When considering its application to T2D, the HBM postulates that individuals are more likely to engage in behaviors that mitigate their personal risk of T2D. However, protective health behavior changes will only occur if T2D is perceived as a threat and alongside the perception that engagement in the protective behavior will deter the risk of T2D. Two constructs fundamental to this process are perceived severity and perceived susceptibility, which compromise perceived threat.
17,18 Della 14 found that rural adults' perceived threat of T2D was relatively low, in comparison to their actual threat of the disease in regard to body mass index (BMI) and family history. Furthermore, Serrano Rios 10 reported that rural adults at high-risk for T2D, according to physiological risk factors, reported high self-reported health status. However, neither of these studies explored the implications of perceived threat on influencing adults' engagement in protective health behaviors.
Knowledge of T2D risk factors, while generally low in the United States, 19 is a fundamental determinant of disease prevention. 20, 21 Studies have examined the knowledge of T2D self-management techniques among rural adults at risk and living with T2D 14,22 but have not explored knowledge of its risk factors and how they are associated with protective health behaviors. Increasing knowledge of risk factors alone is not likely to reduce T2D; however, adequate knowledge facilitates adults to accurately assess their risk and make informed decisions about prevention. 23 Conflicting evidence exists about how chronic disease risk factor knowledge influences perceived threat of disease and how these intrapersonal factors are associated with engagement in protective health behaviors. [24] [25] [26] A better understanding of this relationship is imperative to inform health education specialists' efforts to prevent and control T2D in rural communities. Therefore, the purpose of this study was to explore how perceived threat of T2D is shaped by risk factor knowledge and promotes the engagement of protective health behaviors among rural adults. The following research questions were posed for rural adults who have not been diagnosed with T2D: RQ1: What is the perceived threat of T2D and knowledge of its risk factors? RQ2: How does perceived threat of T2D vary by sociodemographic factors and behavioral determinants? RQ3: Does knowledge of T2D risk factors vary by perceived threat of T2D? RQ4: Is engagement in protective health behaviors associated with greater perceived threat of T2D?
Method Sample
A nonprobability sample (N = 252) of residents was comprised from a large rural county in northern New York State. The Rural-Urban Commuting Area (RUCA) 27 codes classify census tracts areas into gradients of urbanicity or rurality using population density, urbanization, and commuting patterns. In the county from which this sample was drawn, the mean, median, and mode for the RUCA primary code were 7.00 respectively (SD = 2.17) on a scale of 1 (nonrural) to 10 (rural), which supports the rurality of the county from which the sample was drawn.
27
Per RUCA guidelines, a code of 7 classifies the county as equivalent to a small town core, with an urban cluster of 2500 to 9999.

Procedures
Upon receiving approval from a local institutional review board, a sample was recruited to complete an online survey on SurveyMonkey. 28 The survey was active for approximately 4 weeks. Inclusion criteria included being older than 18 years and having English language proficiency. Participants were excluded from the study if they self-reported a zip code not within the bounds of the rural county. Consistent with the study's purpose to understand how intrapersonal factors can contribute to T2D prevention and control in rural communities, none of the participants in this study self-reported a T2D diagnosis.
Recruitment techniques followed procedures used by Bonnar and McCarthy, 29 including a combination of online and offline methods. First, participants were recruited through email. A URL to the 32-item survey was emailed to faculty, staff, and students at 1 rural university. Per recruitment recommendations for online surveys, 30 2-and 4-week follow-up emails were sent. To reach the community at large, a popular local television station interviewed the researchers about the study and featured the survey URL on a special health segment. To complement this television segment, a press release was published in a popular online local newspaper. Finally, researchers spent around 2 hours conducting intercept interviews at 3 corporate supermarkets and supercenter grocery stores located within the highest density towns of the county, which they visited twice. During each community intercept interview session, researchers asked every other person if he or she would like to participate. Researchers implemented a snowball procedure in each recruitment process, where participants were asked to complete the survey and encouraged to share the survey URL with anyone else who might be interested in completing it. This nonprobability recruitment technique was selected, as there is evidence for its efficacy in rural communities. 31 
Measures Sociodemographic variables
The following sociodemographic characteristics were measured: (a) sex (male, female), (b) age (years), (c) race (white, nonwhite), (d) ethnicity (Hispanic, non-Hispanic), (e) education (1 = less than high school to 4 = bachelor's degree or higher), and (f) income ( ) and perceived health status (1 = poor to 5 = excellent).
Behavioral determinants
Participants were asked to select whether or not (0 = no, 1 = yes) they received the following screenings in the past 3 years: (a) blood pressure, (b) cholesterol, (c) immunizations, (d) mammograms, (e) Pap smear test, (f) sexually transmitted infection (STI) screening, (g) human immunodeficiency virus blood test, and (h) blood glucose test. Physical activity was assessed by asking how often participants engaged in physical activity over the past 30 days (0 = never/sometimes, 1 = most/almost/everyday).
Perceived threat
Items to assess perceived threat were adapted from a previously used and validated scale. 32 Perceived severity was measured with 2 items: (a) "I believe that type 2 diabetes is a severe health problem," and (b) "I believe that type 2 diabetes is a serious threat to my health." Perceived susceptibility was measured with 2 items: (a) "What do you think your risk or chance is for getting type 2 diabetes?" and (b) "Compared to other people of my same age, I am less likely than they are to get type 2 diabetes." All perceived severity items and the second perceived susceptibility item were scored on a Likert-type scale (1 = strongly disagree to 5 = strongly agree). The first perceived susceptibility item was scored on a 4-point Guttman-type scale (1 = almost no chance to 4 = high chance). Response options were collapsed into a dichotomous form at the median (0 = no/slight chance and 1 = moderate/high chance; 0 = disagree/neutral and 1 = agree), because the presence of threat was of interest, not the degree of threat. 33 The rationale to collapse these response options and examine the items comprising perceived susceptibility and perceived severity separately is further supported by the skewness of data and number of responses in each category.
Risk factor knowledge
Nine questions about T2D risk factors were developed based on content publicly available through the National Diabetes Information Clearinghouse. 34 Participants were directed to respond on a 4-point Guttmann-type scale (1 = increases probability, 2 = decreases probability, 3 = has no effect, and 4 = don't know) about how each item affects a person's (not his or her own) probability for developing T2D: (a) blood relative family member, (b) increasing age, (c) insufficient exercise, (d) weight gain, (e) a diet high in sodium, (f) a diet high in fat, (g) high cholesterol levels, (h) high blood pressure, and (i) history of T2D throughout a pregnancy. Response options were collapsed into dichotomous form (0 = incorrect/don't know and 1 = correct). Response options of don't know, decreases probability, and has no effect were coded as 0 (incorrect), with 1 item exception, physical activity ("c"), which was coded opposite. Because the purpose of these items was to determine which specific risk factors rural adults have knowledge of, the response options were not collapsed to function as a summative score or rating scale. Rather, knowledge for each of the 9 T2D risk factors were considered as independent variables within the analyses.
Data analyses
SPSS version 22
35 was used to conduct all statistical analyses. Frequency statistics were computed to describe the sample. Frequency statistics were computed to report perceived threat and knowledge of T2D risk factors, as well as engagement in protective health behaviors (RQ1). Chi-squared and logistic regression analyses were conducted to examine how perceived threat varies by demographic factors (RQ2). Chi-squared analyses were computed to examine differences in perceived threat according to the knowledge of each T2D risk factor (RQ3). Finally, logistic regressions were computed to examine the relationship between perceived threat of T2D and engagement in protective health behaviors (RQ4).
Results
Descriptive Statistics Table 1 shows participants were 42 years old, were predominantly female (63.9%) and white (91.7%), earned an annual household income of $40 000 or higher (78.66%), and had some college (37.63%) or bachelor's degree or higher education (51.03%). Although 71.4% of the sample reported engaging in physical activity most/ almost every day over the past 30 days, approximately 60% had a BMI over 25 kg/m 2 , indicating overweight, obese, or morbidly obese status. Most respondents received blood pressure (82.01%) and cholesterol (59.83%) screening in the past 3 years, but less than half received a blood glucose test (45.19%). Respondents had moderate/high perceived susceptibility and moderate/high perceived severity for T2D. Table 3 shows that the percentage of respondents with high perceived risk of T2D was significantly greater among those with "high" vs "normal" BMI, χ 2 (1, N = 248) = 7.16, P < .01. A significantly higher percentage of women than men, χ 2 (1, N = 248) = 5.85, P < .05; whites than nonwhites, χ 2 (1, N = 248) = 5.44, P < .01; and respondents with "high" vs "normal" BMI, χ 2 (1, N = 248) = 7.62, P < .01, had low perceived risk in comparison to others of the same age. In assessing perceived severity, sex or race/ethnicity did not vary; however, a greater percentage of respondents with "high" BMI than those with "normal" BMI agreed that T2D was a serious threat to their health, χ 2 (1, N = 252) = 4.79, P < .05. Individuals' perceived personal risk of T2D varied significantly by self-reported health status, χ 2 (4, N = 252) = 25.21, P < .001. When treating the ordinal health status scale of 1 = poor health to 5 = excellent health as interval scaled, a logistic regression indicated that the odds of perceiving their own risk of T2D as low vs high increased significantly with increasing health status, χ 2 (1, N = 252) = 22.68, P < .001, with an estimated odds ratio of 2.27, indicating that low perceived odds increased by a factor of 2.27 for each unit increase in reported health status.
Similarly, the percentage of participants with low perceived age-comparative risk increased significantly with greater self-reported health status, χ 2 (4, N = 252) = 44.07, P < .001. When treating the ordinal health status scale of 1 = poor health to 5 = excellent health as interval scaled, a logistic regression indicated that the odds of having low perceived age-comparative risk increased significantly with greater health status, χ 2 (1, N = 252) = 22.68, P < .001, with an estimated odds ratio of 3.19, indicating that agreement odds increased by a factor of more than 3 for each unit increase in self-reported health status.
In contrast to perceived susceptibility, the percentages of individuals agreeing that T2D was a severe health problem did not vary significantly by reported health status, χ 2 (4, N = 252) = 1.20, P = .88. The percentage agreeing that T2D was a serious threat to their own health did decrease with greater health status, although slightly significant, χ 2 (4, N = 252) = 9.33, P = .05. When treating the health status scale as interval scaled, the rate of decrease with increasing health status was significant, with an odds ratio of .73, χ 2 (1, N = 252) = 4.53, P < .05, indicating that the odds of agreement decreased by about 25% for each unit increase in self-reported health status.
RQ3: Does Knowledge of T2D Risk Factors Vary by Perceived Threat of T2D?
A greater proportion of respondents with correct knowledge of high cholesterol as a risk factor for T2D reported a low/slight perceived risk of T2D (69.44%), compared to those with moderate/high perceived risk (30.56%), χ 2 (1, N = 248) = 4.03, P < .05. Also, among those who correctly answered that T2D risk increases with age, more respondents agreed (90.68%) than disagreed (9.32%) that T2D is a severe health problem, χ 2 (1, N = 248) = 4.25, P < .05.
RQ4: Is Engagement in Protective Health Behaviors Associated With
Greater Perceived Threat of T2D? Table 4 shows that greater perceived susceptibility for T2D was associated with receiving a cholesterol screening, β = 58, P < .05, and blood glucose screening, β = .98, P < .001, in the past 3 years. Similarly, greater perceived severity of T2D was associated with receiving a cholesterol screening, β = .85, P < .05, and blood glucose screening, β = .86, P < .05.
Respondents engaging in physical activity most/every day have low perceived susceptibility to T2D, β = −1.82, P < .001. Due to the strong and statistically significant relationship between high BMI and perceived threat items, the direct relationship between BMI, a high-risk condition for T2D, and screening behaviors was further explored. Findings suggest that BMI significantly and positively predicted blood glucose screening, β = .64, P = .02. 
Discussion
This study examined perceived threat and knowledge of T2D risk factors among rural adults and how perceived threat is associated with the engagement in protective health behaviors. Findings suggest that rural adults have relatively high perceptions about T2D threat and knowledge about its risk factors, especially those behaviors related to physical inactivity and obesity. High T2D perceived threat was associated with receiving blood glucose and cholesterol screening tests. The results of this study have implications for leveraging fear appeal message design for T2D control among rural adults, especially among those with high BMIs.
Consistent with previous research, females reported higher perceived susceptibility than males, 36 racial/ethnic minorities reported a lower perceived susceptibility than non-Hispanic whites, 37 and poor/fair self-reported health status was associated with a high perceived susceptibility for T2D. 38, 39 The current study contributes to existing literature by confirming that perceived susceptibility of T2D is disparate even for racial/ethnic minorities residing in rural areas, a population at an increased risk of T2D in comparison to their white counterparts. 40 Another key finding is that rural adults with high BMIs, a demographic variable associated with high perceived and actual risk of T2D, 41 engage in protective health behaviors, such as physical activity and protective health screenings. Respondents with high BMIs believed that T2D is a severe threat to their health, they were at moderate/high risk for the disease, and felt they are more likely to be diagnosed with T2D than peers of their same age. Subsequently, respondents with high BMI were more likely to have received a blood glucose test in the past 3 years. This finding corresponds with previous studies that lower T2D perceived threat results in fewer blood glucose screenings 42 and suggests that applying concepts from behavior change theories, like the HBM, could be effective in motivating rural adults to engage in protective health behaviors.
Contrary to previous research examining physical activity in rural populations, 43 three-quarters of the sample were physically active on some or most days of the week. Despite the majority of the sample having a high BMI, respondents who identified as being physically active were less likely to believe they were at risk for T2D. Theoretically, perceived susceptibility should motivate an individual to engage in a protective health behavior. 23 Results of this study, however, found that rural adults actively engaging in physical activity have low perceived susceptibility to T2D. The objective and perceived T2D risk among physically active rural adults should be explored.
Knowledge that elevated blood cholesterol levels is a T2D risk factor was associated with low perceived susceptibility of T2D. However, receiving a blood cholesterol health screening in the past 3 years was associated with high perceived susceptibility and perceived severity of the disease. According to the recommendations of the US Preventive Services Task Force, 44 only adults who are at risk for lipid disorders are recommended to undergo blood cholesterol screenings. Therefore, rural adults who received cholesterol screenings in the past several years may have a heightened perception of chronic disease threat. Like previous research, personal Perceived susceptibility defined as "What is your risk or chance of getting T2D?" and coded as 1 for "high chance" and 0 for "low chance." b Perceived severity defined as "I believe T2D is severe" and coded as 1 for "yes" and 0 for "no."
experiences with T2D may enhance perceived threat 6 and promote protective behaviors.
Practical Implications
Findings of this study have implications for health education practice and research in T2D control within rural communities. Previous research suggests that enhancing perceived threat among T2D patients to enhance medication adherence and self-management behaviors is not as effective as addressing challenges living with the disease 22 ; however, results of this study suggest that perceived threat of T2D may increase blood glucose screening behaviors, thus increasing the potential for prevention and early identification of T2D. For more efficient resource allocation and health behavior change, health education practitioners and researchers should apply audience segmentation techniques to design and test targeted fear appeal messages that promote blood glucose and cholesterol screenings according to sociodemographic factors and behavioral determinants, 45 as perceived threat of T2D varied by these factors. Messages reinforcing perceived threat should be countered with content that promotes self-efficacy to alleviate the threat of T2D by engaging in protective health behaviors. Without promoting selfefficacy to alleviate the said threat, message receivers may experience denial or avoidance, which ultimately increases their risk of maladaptive responses and deleterious health behaviors or outcomes. 46 To develop effective fear appeal messages, health education specialists should conduct formative research to explore the degree that perceived threat of T2D can motivate preventive screenings without perpetuating perceptions of stigma related to T2D and its diagnosis. Empirical attention should be paid to which channels and sources are perceived as most credible in disseminating health messages within rural communities.
Limitations
This nonprobability convenience sample was derived from a large, remote county in the United States within close proximity to the US-Canadian border; therefore, generalizability of findings should be considered with caution. Moreover, this was a cross-sectional survey study, which obtained self-report data that are open to recall bias and social desirability responses. 47 Despite these limitations, this study provides empirical evidence for the intrapersonal beliefs of rural adults, a population that remains a significant challenging to recruit for health research. 29, 31, 48 Moreover, this study contributes to evidence for survey recruitment strategies within rural populations, including the use of diverse platforms (ie, online and offline newspapers, television) that are used and trusted by rural adults. 49, 50 
Conclusion
Knowledge of T2D risk factors and its perceived threat was relatively high in this sample of rural adults not diagnosed with T2D. High perceived severity and susceptibility was associated with the engagement in protective health screenings (eg, blood glucose, blood cholesterol), which has implications for the control of T2D in rural communities. Health education specialists and researchers who educate the rural public about T2D should consider the use of fear appeal frameworks in developing audience-segmented messages.
